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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an etching 
gaseous mixture for transition metallic films and an 
etching method using this mixture. 



haiide, gaseous halogen mixture, gaseous halide mixture 
and a mixture composed of the gaseous halogen and the 
gaseous halide and a second gas which is any selected 
from gaseous carbon oxides, gaseous hydrocarbons, 
gaseous nitrogen oxides and gaseous nitrogen. As a 
result, the etching gaseous mixture for the transition 
metallic films forms metal halide having high volatility 
by reacting with the transition metallic films and is, 
therefore, capable of forming fine patterns while 
maintaining high selectivity. 



SOLUTION: This gaseous mixture consists of a first gas COPYRIGHT' (0)1998 JPO 
which is any selected from gaseous halogen, gaseous 
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mtii^n^:^:^. ^^^^k<^^;«/^*3 J;t^^^^;<r>^<D 

$^^fcv^-f^^^--efc 5 i t tr#mi:-t-5ff 
1:0. 0 1 j^ev>bi : 1 0 o-^fc-sr t §rii#tist-rs 20 

[fi*^6] tJiES^^M^K»*> W. Mo. Ru. 
Fe. Ir. Rh. Pt. Ni, C u *J <ttFA u CDtf':*^ 

[»*^81 BfIIH^*^Ybii)IS:^;=^«, CO. CO, 
[^*:^io] fltiiH^*5K;<f;^tt. NH, 

NO, i t -rsif 1 {cmm(om>i:ff 

nfc V N-rn*^— o(Om 3 ;«f Sr $ (i^^tf r t SriRF^t i 

-r Sit 1 Jv:|E«<olt^J:«^x?l-g-!^, 50 



^mW-l 0-6 80 9 4 
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i^Klt^ L T»5H4^J| y^oy ^ * ^ ^1 1 5C 

1:0. 0 l^iV^Ll : 1 oo-efc-srt^^mi; 

u. Fe. Ir. Rh. Pt. Ni. C u*3 J;t;5A u 

[1**^17] tirlBx^cy>-:^;^ii. ci,, f,. 
— o-e*j-5 r t ^^m.t-f-^m^m 1 3 (c|E«(Dig#^ 

in^mi8] ws^mmm'ft!ti!)Mif:^\t. co. co 
1 3 \z^m<oW!^^m,nm(D^M^mo 

[lf*:S2 0] mum.m^iJ:^\-t. NHsffeS^lt 

&« 

NO, -efc-sr irSr^mt-rSft^iSl 3{clB«<DSi^ 
L5 0 Ot:-Cfc5r t ^#tl(ti--5lf*:^l 3lilE«co 

[IS*:® 2 3 1 muw^^mn's^<o^Mmm\-s.. 




O'To r r:^CV^bl 00 a t m-T?*>5 r i: ?lr4^S^ t-f" 

5ff 2 3 Kmm<Dm^^mmm<omi:^m. lo 
[ft*^2 7i iits^mi:ff:=^m^m\-i.. mm. ^m. 20 

ihtn.\ ^-rttA^— own 2 ^7. SriS A brtGIBr^M^^ a y 

[lt*]S2 9] StrlE]g^^JS»K«^ W. Mo. R 
u. Fe. Ir. Rh. Pt, Ni. C u *J J; tJ^ A u <75 40 

tb*>-oT?fc5r tSr#tS[t-r-5f**:S2 8(^iE«(7)-^ 

mim.3\\ ^w-wmm\LmikH7.\i.. co. co 
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mFlESiS^-Y v^^f^»«1Ucig;i jSm;(3 S-BiJP LT{;i >^ 
[if*^3 5l Stj|ES^£:^-y^'^<(^©ff;^f*. 1x1 

O'To r r /£VnL1 0 0a t mX^^ t^H^mtT 

y >fb!fe t^2:ify^ SrSf^ ^ n y :/<b<^ 

2 8 {ctE«©;g^^J||»^<Dt**J:;&jS„ 
m^km 3 7 1 2 SrftA UTt(Iia»B14^ 

J; 19 il^T^^^•5 i t Sr!RF?St i-Sft*« 3 6 {:i 

[lt*:S3 8l mIlSi^Jl^^ciy>"fbife^?^^!fe-rS^Pt 
tff5H4^J^^^nyV'fb'^>&J^^i-SSPgtt. Jil^fcJCi^ 
t) VXnt>ix^ r i: Sr#t!t i: i-^lf 2 8 tcziB^W 

b5 0 O-C-CfcSr tilr#m^:-r'5lf^^2 8|;ifB«© 

[f»*«4 11 mmmi:ff:^ii. mm. mm. mty 




[000 1] 
[0 0 0 2] 

[0 0 0 3] s^^Mfii^tt, ^-Y^^v^os 

i^^li^ :^l^^M (Reactive ion etch 
i ng) *fc(4ffiJEiiS^SA7'9X-^^^iJ (high d 
ens i ty plasmaetching) {Cj;t)tt 

[0 0 04] jS^^M»lKSr®ffiii5^Sfi?7'7X-rtt^iJ t 
L T ^ V j/i- ttiSlET-xe SriltT-r 2. J6 

->'CDfiiJM(cS^«$;h.S<, tSoT. KlfTl-jSfe (c r i 
tical dimension) !i}.T<DWM^<^'-'y 

[0 0 0 5] 

[^ia>4SA?gtbJ: 5 t-rSs^] tfriELfc^ 
[0 0 0 6 1 *^BJ«ote(D@6<)|*, 
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[0 0 0 7] 

[^®Sr«Ri-'5fci?>co^Sl «tIiEB«jSr^fi£-t-S:fe«) 

<t l^^^ 5^ © >f b jg^ $ tt:^c V N-f:h.:*^— 

^Ms^/^'fbifefi, ^M*/i'*=>'WNay>'-(bife). 

2)0 rcD^. tfrlB®l:«f;^t^2;*^;^irco?l'g-Jttt, 
1:0. 0 1^^V^L1 : 1 0 0T?fc5:ii:>!i5M*bV\ 

[0 0 0 8] :^mm<omm<oni^^m^-r^rc>fy<Dm^ 

bf^2:ff::^t<Dm^mi. 1 ■ 0. Ol^iVUl : 10 
0-C*)Srt*5M*L<, mflB»51;*f^fc|g2;*;;^t(7) 

X-^f^-^|fFlBfefc*J;tf>^?i'^!fe)Sr®14^b$-y:Sc 51 

mhBLit^\.xm^>&'^m^^^fi^im-^m^-r^. W4k 

jc, tiifH#^tt^M^M3<^:/-fbi^ds»^$-&^. tfiiBif^ 

if^fi. mmmm\^\-fmm^m.M^mi^^f\^xmm^n 

[0 0 0 9] tffB3tt<D@6<j^a^i-^yh«><D^^%?q{iJ: 
•fJ^U^mis J; tJ«^>cr y >^ t C2 y v-fb'^;</;=<. h © 
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[0 0 10] StFfB/>ny>>fb^$r?g^i-^SPgt*-*<0 

10 0 1 1 ] ^fc.. mnmm^^m^^^^>im^mf$. 

iS^-r >^<mcm 2 ^SA bTS^JfE^M>'^^^ ^>^^t; 

:/^X•^^?^^b/c^v^r^^cJ:^9, WIEftf 2;^f:^ t^Jg 

[0 0 12] ;$:^|^(C:^3V^T. ffflBM^^^MWi^t^. 
W. Mo. Ru. Fe. Ir. Rh. Pt. Ni. Cu 

lH/M3y>-:;tf;;<(i, CI2. F2 . B r 2 *5 J:^? 1 2 cD 

!9. MI2gm^;^;^l:i. NH3 T^fo^ r bv\ 

Rft^^-r>^^<[^(Dmtl\^. 1 X 1 O-^To r r /^V^bl 
0 0 a t m-T?fe^:ii;6SM^ bV\ 
[0 0 14] 

[^P^coJIJScDjf^^] WT. ^#bfclEIffi{;iS-^&*5& 
b<t^gai-5o b;6^b^^;$5e>. *5&Wfi. TIBO^JE^J 
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[0015] mi \^^^ivx\^^m^^mMm<omm 
[0 0 16] m^^mmm. ^-^^^^^^(or^ 

/<1 0)H(DTUmMl 4Jb<^>3j^/i^^— (lEi^-^-r) 

mi^^mnmi^. 6a^. sm. i B;K7^*(o$^?v^-r 

H:^^— o^bT. W. Mo.Ru. Fe. Ir.Rh. 

^±mh bTT i ji:j3j:t^T i N^SrJF^^'r^:i^^5-C 

iSfl«^5SSim^*:^J^;i. >P!lx.f^. EST ( (B 
a. Sr) TiOa) . STO (SrTiOg) . PZ 
20 T (P b Z r X T i O3 ) ^fdliPLZT (Lat? 

^(-Afflb^^o 

[0017] MSI^ffi^S 15^ ?&SP^^ 16. 17\Z. 
^»^^S^1 3 ^S:i^;^-rv>'^l 0O?aft^0/cC 

v^b5 0 ot:co36ig-ciiSi-^o z.(Dm.mwm\^. 

S/S^-r 1 0 <D^?afi. 1 3 coMft J: 19 

ig<t^or ^^sM^bv\ Kj^.^^:y^<l ocomcomm 
t^^^^^i^ 1 3 J: *9 ^g:< »9 . b^c^jgij^ 

[0 0 18] ^b-r. 1 9 tW%^m2 0 

t^^fflv^T. S^S^-^w^l 0)^(OB.ti^l X 1 o-'T 

0 r r /^V^b 1 0 0 a t m. b< 1 X 1 O'^T o 
r r /J:V^bl 0 a t ^ ^ (ClM^ b < 1 X 1 0"'T 
orr/cCV^b2Torr {Z.M^'t^o 

[0 0 19] ^v^T^ xNciy^-;^;??., ^'M^^Wb^;^ 

40 mi^:^ivfc\^^iriv^^—D(om i ^^mm^b^fe^;^ 

;^<Dtp^^^3l^$ttfc^2:^;^d5^ 1 : 0. 0 1/c(:v^b 

1 : 1 0 OC^it^-ej^S^$tb-CV^^;^f;^^g'^^^^ bT. 

«W:^SrilbrSiS^-r^-^^i o^^(;l^m$^^^o 
m^mitn. #^pg(ciasbraA-t-^r ^*>-c^6o 

m:^#fe^#^i 8^>^v^T. TSPttl^ 1 4 (cfS/^iSm:;^ 

50 ^mu-r^o ^mi^mtin. s/s^-y^^^^i of^(c>^^ 
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[0 0 2 0] mi^:^tVXmm^ix^?>y^^^>-:ffy^ 
[0 0 2 1] ^UT. ||2;<f:^t LTftffl$H5^j^m 

loo 22] m2:ff:^t \.xmmmtm7h:ff:^ tmm ^ 

mM:ff^tRit^\.x±m-r:^m^^^t-^m\-±^m^m^^ 
o^^^iwax^^^ m.mih:)}^hK^^vx^^-r^nm 

•»:^hBLs^-^y.x^m-r^w^mt^m\-t^m=-v^y^^ 

S^iiWb, #M^S2 O^Sr^V^-C 
S/J;^ CD fit^y ;^ *3 J; t^^-fl: * fc L fcff 

[0 0 2 3] l4^J#'ttS-|®t5-t--5fc«>j;i. MIE^ 1 ;«f;=^ 
i®2:«f;;^a^1-{c. ^m. 

CF,) . ym%isi:xy^yffB'&-»:^<D'^i>^hmm.^ 

1 i;«i>e>sjt£;^-r>'^^i op*3(c$e>{-aAb-rtjfiv\ 

lf3ytf;^tt. If l;*f;^il^2;i(/^t®;tf;^ei'g-!^^SjC£; 

0[^{c*3VNT:^-(c5)-f^$*, mi^^mnm: 



(6) "T^^ #gB¥ 1 0-6 8 0 9 4 
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[0 0 2 4] Mi&Lfc^rte-eii, |g 1 t ^ 2 ;«f ;^ i: 
Sr. 1:0. 0 1 ;'iV^L 1 : 1 0 0 (Dit^Til-^ :» 
><:iS'g-'^t braAbfc, b*^b/£*se.. 

[0 0 2 51 $?>(cpb<gftf3-rH{i. JE;^-fevf— 1 
10 9tm^^^2 0|;iJ:t). /I;^;65l x l O 'To r r ^.c 
V-'bl 0 0 a t m. M4b< J41 X 1 O 'T o r r ^iV* 
blOatm, $e>{;iM*b<(il X 1 O 'To r r/<C 
V^b2To r r {ClSSS^tLfcS;i.^-r:/''^l OF^J:i, ;^ 

;^«t«&«ii mxx:^±^mmi 2tc*^i$^^^:v^s:^;=^ 

^Sl 8^ffiV^TTg|5«® 1 4(cii5;S)KS;^SrBl*Pb. 
RiS^^w^i Ort(;i7'^X-7^?^^bT^i;<f;^^S 

Sjeb-r^M^^oyv-fbi^trJi^^i-So ^^v^t?, mi:ff 
20 ;^©aA^4i»fb. >tf;^«^§&l 1 ^iibT^2;i«f^<Sr 
1 0 [^(caA-rSo H 2 :«f;^#tj^^{c(i, 
1 8 ^tt»f bTT^HsmiS 1 4 difiS^Jg^®;^ 
SrBl*Db:^i< rt)J;V\ ®;^)$-^iPb^iV^i:, -t-^X-^ 
^5?^^!fe^5;^^^iV^<;5-c^ a5 2;^f;^i::&Jl-'^t3y:/'^t:^t(D 

2;<f>«.^aAi-5mSr«&{^i^«3)g-rri:(cJ;>). 
A*5j;t502;^^aA<^^Pg:^(:t*rt, 1^— ''i^-r V^^F^ 

30 xn^^tdnxfj:<^ ■^/\^'?-^-Y^^''^\^xmm^£^^m 

^^>'/^t bT#SPgtr^il$-*T=ff 5r i:t5t?#^o 
ffl^)^c5fi4*J^-V>-^^l^-T?#;«^xSraA-rs#-g-{-tt. 

e*ft^d5^xe>tt5o 

[0 0 2 6] #]g^^MtS*bv^^i ;«/>^*5J;r/^2 
;<f;^. afer/(c|iSiJta^*5j;T^I4^M*^TfE«l (c^ 
•To 

[0 0 2 7] 

[^1] 
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OO. CX),, NO. NOj 


0^400 


100—3000 


F e 




CO. CX>2, NO 




100—3000 


R h 


y y<t^. 


OO, COj, NO. 7>t:7 


100^300 


100—1000 


I r 




00, CO,. NO. *ssa 


150'-350 


500—2000 


P t 




OO. CO,. NO. 


0—500 


100—3000 


N I 




cacpi.rhaRrbft. 


0—300 


1000—3000 


Cu 






150—250 


500—2500 


Au 


_jt_ Jr. jj_ 


NO. NO, 


200—300 


300—1000 


Mo 




CO.OO, 


100—250 


200—1500 


W 


37-/ib«S?, :i:^b4fe. 


CO.OO, 


0—400 


500—30)0 



[0 0 2 8] :^^mi^mth\^. 
;:^hn — A/^^) ^5 1 0 o;^^V^L3 0 0 0O©IST*^S 
[0 0 2 9] ^}SW|-CI*3S^^^M?»I^<0 5 P 

t^i^^ffiv^5fi*^y;&fe^c|iLTift0J•r5o p t (i. =^ so 

Pt+Cl2 + C0/C02 -* Pt (CO) sChT (210^, l^jE) 
Pt (CO) CI2T (240*10, l^EE) 

pt2 (CO) 2CI4T (24ot:, mm) 

Pt + Brz + CO/COa Pt (CO) 2BX2I (220*t:, 1 ^flE) 
PtH-l2+CO/C02 - Pt (CO) al^T (40t:, l ^BE) 

[0 0 3 1 1 i-jfeib^b. MfESJt&^{-J: 
^^tt^M^^t^^^Wb^fe^t^. (4 0-2 4 ox:) -et> 40 

[0 0 3 2] ;^f^?l^^cDf^t>»9(;i^^nyv>?/;^^:;&/W 
[0 0 3 3] 

[^b2l ^ 



[0 0 3 0] 

[^bi] 



Pt + Ch 
Pt+Br2 

Pt + l2 - 



- PtClx 

^ PtBrr 
PtL 



^ [0 0 3 4] milSP t Wb#?{- C 

[0 0 3 5] 
[^b3l 



50 
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13 14 
PtClxH-CO/C02 Pt (CO) 2C12T (210^, 1 

- Pt (CO) CliT (240t:, 1^I£) 
Pt2 (CO) 2CI4T (240^^:, 1^I£) 
PtBrx+CO/C02 - Pt (CO) ^BrzT (220'lC, 1 ^BE) 
Ptlx + C0/C02 - Pt (CO) slat (401C. 1 ^JE) 



^^Wb^fel^cC^ (P t (CO) 2 C I2. P t (CO) C 10 

1 2. P t2 (CO) 2 C P t (CO) 2 B 

r2. P t (CO) 2 I2) '^^^Z,ht^t>t^^^ 
[0 0 3 7] 

[0 0 3 8] mMm\ 

-e. tffis:=iv>5'>5^ h4^-/v^p t-c^Sb. vy=i:/^ 

>fbJK-h(-3 0 0 0;tVi/;^ hn— ^(D^P^cT^P t »M>lr 

i?^*P^^16. 1 7{cJ:(9. ?aftSr2 5 0t:icl^®b 
fco ^V^-f. C I2 ^COtO;;^f>^?S^^=lrSiS^-rV 30 
^^d^iAbiTco C I2 tCO^(D?S^^y55l : 

U^S^M^^2 0{;iJ:»9i£;^^2 0 0/^V^L5 0 OmT o 
[0 0 3 9] H 2 t »Mcot4^y^;^^ SI 3 \z.\xm 

m-r^mt^m^tm^z.M'r^ p t mm<D^Mmi^it:d^mM 

[0 0 4 0] jl:!fe^J2 

^#fil^—{Cb. S/^:^^-r>^-^<^EE;^^3 0 OmT o r 
r (C^^LT. C 1 2 : CO(Dit^^l : 0. 0 0 5. 
1:0. 01. 1:10. 1:100. 1:15 O^X 
Xfl : 2 0 0 t^^^X.X^Rft^^^>'y<m^&.AL. 



[004 1] mmm 2 o^m. m^^^^ 1:0. 005 
^^o/Co 1 : 0. 0 0 5<Dm^iia^co<Dit^^m'r€ 

<. 1 : 1 5 0(OJg^(cfl/Na>^>':^;^coit^;6S^-r&^ 

[0 0 4 2] L;^c;?»5oT. C 1 2 : COcDlt^fi 1 : 
0. 0 1^^V^L1 : 1 0 0555M*bV^r 
[0 0 4 3] Jgjfe^!l3 

mmm2 tm<D^w\^^—\^'L. CI2 : co (c 

1 2 %) <OJ;b^^lr 1 : 0 . 4 3 ( 7 0 %) . 1 : 1 ( 5 
0 %) . 1:1. 5 (40%). 1:2. 3 (30%) 

^xxj^i :4 (2 0%) tL-x^^mK.xp tmm^^ 

[0 0 4 4] JIJfe^!l3 tc*5{t6C 1 2 :^:^<Dh:^t P t 



fe. c 1 2 ^>^<Di:h^;$si«jp'r^(s^*p t nm<D^m^ 

Sr^iJ^rLT. *#t;iJiSi:-C. C 1 2 ^COcoit^>^5g§3 
[0 0 4 51 |gjS^il4 

5 0^^V^L3 5 Ot:{C^X.^Co 4fc. C 1 2 : COCOirb 
40 #Srl : 1:J3J:T^1 : 2. 3 {C^x.T^ife LfCo 

[0 0 4 61 laetCtiP t^J^CO^S!j^COS>ft:Sr. El 7 

;rCo #BI{-:J3V^r. Dt^CU : CO(OJ:b^^5 1 : 1 

(CI 2^*50%) (Dm^(O^M^. Otic 1 2 :C 
0(D^m^>l : 2. 3 (Cl2^fi3 0%) c^^^cD^ 

SS-^uy^Co El 6 c l2:^;=^coi:b^(c|| 

-5^ ^;^5t?;^i^5o E17{ci:tt(J. c 1 2 ;^f;^<Z)Jt^;?»5 3 

o%t/^$v^^^ (o) {c(iMS;65fi*D-r6tsmit:j^ 
(c>y'-r'5 p t mm(Dmmifi^y^^mm-r^Rm. c 1 2 



50 



15 
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[0 0 4 8] mmm5 



^<[H<Dum^^^ 2 0 ox:. 2 1 ox:. 2i5t:. 22 
ox:. 2 2 5X:^xxf2 3 ox:\z.m:»iti^ti^^. c 

[0 0 4 9] mmm skx ^^mum t fi*^y^ t oh#. 

^[g!8(c^Lfco mstc^^ix^J: 5t-. 2 10X:t^h 
2 2 0X:(omxMM^£^MW(omt^^7r^^ti^(O^^^ 
P t 2 1 OX:xW^ir^ ^ t 

x^mi^timU^m^i^^x. 4^m{z.m^2 1 oX:<D^ 
[0 0 50] mmm^ 

(CX|^^tt^:9'3t& (X-ray photoelectron spectrosco 

py:iUT. rxpsj t^-t^) -e^sm^^^^WL. 

^CO^. Rm^&-^2 1 OX:\Z.. KJt^&t^^X^J±.K. 

c la : Qo<D]:t^t^i • 2(omA^:^m^m^^m\^ 



[0 0 5 2] 

20 [El 4 J mi:ff:^m-^m<om^it t p t sem^^^ij^ t 
[0 51 ^m:ff^m^m(om^it t m'itmim-r^ p t 
[E 6 1 Rit^mm i p t »m(o$^m^ t op^^^-r^ 
[s 7 1 K^^mm t m^tmim-r^ p t mm(D^mmiR 

[El 8 1 P t */i'^'=/w:teYt;#)0»^SSSrSiJ^:fc«>S 
30 -r^/^^-efc-So 

[I1I91 fii^ijHfJ, fi*^[j4'*5it/t*^!|«©^nmt-*f-r 
2)X|^^®^5)'^ffi(X-ray photoelectron spectroscop 



m2] 



[HIS] 




1 50 200 250 300 350 400 450 500 550 
(mTorr) 



o 



i5 




1 50 200 250 300 550 400 450 500 550 
13-: h (mTorr) 



10-68094 



mi] 



im4} 




c 

4 

G 




ms] 



me] 



I 

85 




120 




50 100150200 250 300 350400 

ETCHING mmm.m \t cc) 



[E18] 




0.0 



50 100150 200 250 300 350 400 

miMu^ CO 



E 



Cm 




190 200 



210 220 230 

^nm.&L . CC) 



240 




(11) 



10-68094 



[09] 



7e+5 



6e+5 - 



5e+5 




1200 1100 1000 900 800 700 600 500 400 300 200 100 0 

(eV) 



